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FOREWORD 
(Nontechnical  summary) 

It  is  known  that  up  to  radiation  exposures  which  will  kill  many  animals,  it  is 
injury  to  the  blood-forming  tissue  which  causes  radiation  disease.  In  the  rodent  it 
has  been  observed  that  hematological  recovery  occurs  in  an  oscillatory  manner. 
However,  precise  data  for  larger  animals  are  not  available. 

This  study  was  designed  to  measure  hematological  recovery  in  dogs,  a  larger 
mammal,  exposed  once  or  repeatedly  to  either  150  rads  of  x  rays  or  150  rads  of  mixed 
gamma -neutron  radiation.  Comparisons  were  made  among  animals  exposed  to  each 
radiation  quality  and  to  different  numbers  of  repeated  exposures. 

Prior  to  the  first  exposure,  on  the  day  of  irradiation  as  well  as  on  a  number  of 
days  postirradiation,  several  hematological  tests  were  made  on  all  dogs.  It  was  found 
that  immediately  after  irradiation  dogs  show  an  initial  decrease  in  the  production  of 
red  cells  followed  by  an  oscillatory  recovery  response  during  the  subsequent  30  days 
postirradiation.  Near  complete  recovery  noted  on  days  5  and  11  was  followed  by  cel¬ 
lular  decreases  reaching  low  vaiues  about  days  6  and  18.  Postirradiation  periodicity 
was  also  noted  for  white  ceils  and  platelets  albeit  to  a  lesser  degree. 

In  general,  for  a  given  dose,  the  effects  of  x  rays  were  significantly  greater  than 
those  of  the  mixed  gamma -neutron  radiation.  This  was  particularly  pronounced  in 
the  number  of  lethalities  with  repeated  radiation  exposures. 

Previously  irradiated  dogs  did  not  respond  as  well  to  a  subsequent  exposure  of 
equal  magnitude  after  a  3-month  rest  period.  This  clearly  implicated  residual  injury 
to  blood  stem  cells  from  the  last  radiation  exposure. 
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Si. ice  the  oscillatory  recovery  responses  in  the  dogs  were  similar  to  those 
observed  previously  in  rodents,  they  may  be  basic  response  patterns  in  mammals. 

Presumably  hematological  response  mechanisms  have  thei:  origin  in  the  inherent 
negative  feedback  systems  of  blood  cell  production. 
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ABSTRACT 


Hematological  recovery  in  dogs  exposed  once  or  repeatedly  to  either  150  rads  of 
x  rays  or  150  rads  of  mixed  gamma-neutron  radiation  was  measured.  Comparisons 
were  made  among  animals  exposed  to  each  radiation  quality  and  to  different  numbers 
of  repeated  exposures. 

Prior  to  the  first  radiation  exposure,  on  the  day  of  irradiation,  as  well  as  on 

days  1  to  12,  15,  18,  21,  24,  27  and  30  postirradiation,  hematological  values  were 
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obtained  from  all  dogs.  These  included  Fe  incorporation,  erythrocyte  and  plasma 
volume  determinations,  plasma  iron  concentration  and  clearance,  hematocrits,  total 
as  well  as  differential  peripheral  leukocyte  and  platelet  counts. 

Immediately  after  iri  idiation,  all  dogs  showed  an  initial  decrease  in  ervthro- 
poietic  values  followed  by  an  oscillatory  recovery  response  during  the  subsequent  30 
days  postirradiation.  Neer  complete  recovery  on  days  5  and  11  was  followed  by  cellular 
decreases  reaching  low  values  about  days  6  and  18.  Postirradiation  periodicity  was 
also  noted  for  leukocytes  and  platelets  albeit  to  a  lesser  degree. 

In  general,  for  a  given  dose,  he  effects  of  x  ra>o  were  significantly  greater  than 
those  of  the  mixed  gamma-neutron  radiation.  This  was  particularly  pronounced  in  the 
number  of  lethalities  with  repeated  radiation  exposures. 

Previously  irradiated  dogs  did  not  respond  as  well  to  a  subsequent  exposure  of 
equal  magnitude  atter  a  3-month  rest  period.  This  clearly  implicated  residual  injury 
in  stem  cells  from  the  prior  radiation  exposure. 

Since  the  oscillatory  recovery  responses  in  the  dogs  were  similar  to  those 
observed  previously  in  rodents,  they  may  be  basic  response  patterns  in  mammals. 


Presumably  these  hematological  response  mechanisms  have  their  origin  in  the  inherent 


negative  feedback  systems  of  hematopoiesis. 


I.  INTRODUCTION 


It  has  been  clearly  established  that  the  number  of  newly  formed  erythrocytes  in 
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the  rat  oscillates  during  the  first  two  weeks  of  recovery  after  sublethal  irradiation.  ’ 

Fluctuations  are  also  suspected  for  leukocytes. 11  Recently,  similar  recovery  re- 
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sponses  have  been  reported  for  mice .  Since  radiation-induced  disease  and  deaths 

up  to  midlethal  exposures  are  primarily  caused  by  injury  to  the  hematopoietic  system , 
it  is  important  to  establish  early  hematological  recovery  trends.  However,  precise 
data  for  larger  animals  are  not  available. 

The  objectives  of  the  present  study  were  to  measure  hematological  recovery 
responses  in  the  sublethally  irradiated  dog  exposed  to  150  rads  of  x  rays;  and,  further¬ 
more,  to  compare  these  effects  with  those  observed  in  animals  irradiated  with  150 
rads  of  mixed  gamma-neutron  radiation.  Finally,  measurements  of  hematological 
recovery  capabilities  were  to  be  obtained  in  previously  irradiated  dogs  subjected  to 
subsequent  identical  exposures  after  3-month  intervals. 

H,  METHODS 

Healthy,  purebred,  AKC  registrable  beagles,  1  to  2  years  of  age  were  utilized 
in  this  study.  The  dogs  were  bred  and  boarded  at  the  colony  of  Richard  E.  Saunders, 
Inc.,  Richmond,  Virginia.  They  were  under  a  veterinarian's  care  for  the  elimination 
of  parasite  infestation  and  immunization  against  distemper,  hepatitis  and  rabies. 

Three  weeks  prior  to  experimentation,  the  dogs  were  transferred  to  temperature- 
controlled  rooms  at  the  Armed  Forces  Radiobioiogy  Research  Institute  (AFRRI) . 

They  were  maintained  individually  in  stainless  steel  cages,  fed  kibbled  laboratory  dog 
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food  supplemented  once  a  week  with  high  protein  canned  meat  ration.  Water  was 
provided  ad  libitum . 

A  total  of  252  dogs  was  utilized  in  this  study;  114  were  subjected  to  150  rads  of 

x  rays,  another  114  to  150  rads  of  mixed  gamma -neutron  radiation  and  24  served  as 

unirradiated  controls.  One  month  prior  to  the  first  radiation  exposure,  hematological 

59 

base-line  control  values  were  obtained  from  all  dogs.  These  included  '  Fe  incorpora¬ 
tion  into  newly  formed  erythrocytes,  erythrocyte  and  plasma  volume  determinations, 
plasma  iron  concentration  and  clearance,  hematocrits,  total  as  well  as  differential 
peripheral  leukocyte,  and  platelet  counts  per  min'*  of  blood. 

On  the  day  of  radiation  exposure  as  well  as  on  days  1  to  12,  15,  18,  21,  24,  27 
and  30  poslirradiation,  the  hematological  values  described  above  were  obtained  from 
six  dogs  in  each  radiation  group.  These  experimental  values  were  also  obtained  from 
six  unirradiated  control  dogs  on  days  1,  9,  18  and  27  postirradiation  for  comparison 
with  base-line  values  obtained  from  irradiated  animals  before  the  initial  exposure. 

In  addition,  hematocrits,  total  and  differential  leukocyte  and  platelet  counts  were  also 
measured  on  days  13,  14,  16,  17,  19,  22,  25,  28,  31,  34,  37,  45  and  86  after  radiation 
exposure. 

Due  to  limited  housing  facilities  at  the  AFRRI,  the  experiments  were  actually 
conducted  with  42  dogs  at  a  time.  This  permitted  the  utilization  of  one  dog  per  radia¬ 
tion  group  and  day  of  observation  as  delineated  above.  After  six  identical  replications 
over  an  18-month  period  using  42  animals  each  time,  the  total  number  of  252  dogs  was 
employed.  Furthermore,  this  resulted  in  the  use  of  six  dogs  per  day  of  study  as  listed 
above  for  each  radiation  group  and  the  controls . 
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After  a  90 -day  postirradiation  period  during;  which  the  hematological  tests  were 
conducted,  the  dogs  were  irradiated  for  the  second  time.  This  procedure  was  used  as 
a  test  for  residual  injury,  The  animals  were  irradiated  for  the  third  and  final  time 
90  days  later.  All  hematological  tests  conducted  after  the  first  radiation  exposure 
were  repeated  after  the  second  and  third  exposures. 

A  radial  beam  generator  was  utilized  as  the  x-ray  source.  If  has  the  following 
physical  factors:  250  kVp,  30  mA,  1.2  mm  Be  +  0.95  mm  Cu  filtration  (HVL  -  1.9 
mm  Cu);  and  target  to  subject  midline  distance  105  cm.  The  absorbed  dose  rate  at 
the  center  of  the  dogs  was  20  rads/min.  Dosimetry  techniques  were  published  pre- 
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viously.  For  the  x-ray  exposures,  the  dogs  were  placed  in  Plexiglas  containers 
and  arranged  in  a  circle  at  equidistance  from  the  radiation  source.  The  exposure  rate 
varied  less  than  8  percent  from  one  end  to  the  other  of  the  container  midline . 

The  AFRRI-TRIGA  reactor  was  the  source  for  the  mixed  gamma -neutron  radia¬ 
tion.  The  description  of  the  exposure  room  and  radiation  field  has  been  published 
earlier.  The  dogs  were  placed  in  the  exposure  room  so  that  they  were  in  a  radiation 
field  with  an  isodose  surface  292  cm  from  the  reactor  center  line.  The  midline  tissue 
dose  rate,  as  measured  in  a  small  unperturbed  tissue  sample  which  was  in  charged- 
particle  equilibrium  and  surrounded  by  air,  was  20  rads/min;  the  ratio  of  gamma  to 
neutron  kermas  was  1.5.  The  effective  gamma  energy  war*  between  1  and  2  MeV. 

9 

The  procedures  for  dosimetry  have  been  published  previously. 

Bilateral  exposure  conditions  were  achieved  at  both  radiation  sources  by  secur¬ 
ing  the  exposure  boxes  to  turntables  and  rotating  them  180°  at  half  exposure  time. 

15 

Dc*  h-dose  measurements  conducted  earlier  indicated  that  the  exposures  were 

20 

Class  A  as  defined  in  ICRU  Report  lOe. 
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On  the  days  of  study  as  listed  above,  the  dogs  were  first  injected  via  the  left 

jugular  vein  with  1  ml  of  a  sodium  citrate -buffered  FeClg  solution  containing  25  jxCi 
59 

of  Fe  in  0.25  jig  of  total  iron.  Next,  they  received  1  ml  of  Evans  blue  (T-1824) 

which  contained  4. 5  *ng  of  the  anhydrous  salt.  During  the  next  hour,  three  3 -ml 

blood  samples  were  removed  from  the  right  jugular  vein  at  20-minute  intervals.  The 
59 

Fe  clearance  time  and  the  T-1824  plasma  volume  were  detex mined  from  these  sam- 

59 

pies.  Seven  days  later  a  blood  sample  was  withdrawn  from  the  dogs  and  the  Fe 
incorporation  was  determined.  The  radioactivity  of  250  jil  of  this  blood  sample  was 
counted  in  an  automatic  dual-channel,  well-type,  gamma  scintillation  detector  using  a 
3x3  thallium-activated  sodium  iodide  crystal.  To  determine  the  total  radioiron  ac¬ 
tivity  in  the  blood,  a  blood  volume  was  determined  from  independent  measurements  of 
the  red  cell  and  plasma  volumes. 

26  5’ 

The  method  described  by  Sterling  and  Gray  using  "\Jr  labeled  erythrocytes 

was  used  for  red  cell  volume  determination.  Since  the  blood  of  all  dogs  also  contained 
59 

Fe  labeled  cells,  the  dual-channel  gamma  scinf,Ilatlon  detector  was  used  to  differ- 

51 

entiate  this  isotopic  gamma  activity  from  that  of  the  Or.  One  channel  with  a  0. 1  V 

51 

window  was  adjusted  to  the  Cr  photopeak  energy  and  the  other  with  a  70  V  window  to 

59  59  51 

the  Fe  peak.  The  Compton  tail  from  the  Fe  spectrum  also  contributed  to  the  Cr 

reading.  A  correction  for  this  contribution  was  obtained  in  the  following  manner.  A 

59 

blood  sample  containing  Fe  labeled  cells  was  obtained  from  the  jugular  vein  of  each 

51 

dog,  250  jjl  of  which  was  counted  on  both  channels.  Thereafter,  1  ml  of  Cr  labeled 
erythrocytes  was  injected  intravenously.  A  small  sample  of  blood  was  withdrawn 
15  minutes  later,  250  jjl  of  this  sample  were  counted  using  the  above  described  narrow 
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window.  The  activity  counted  by  the  narrow  window  setting  prior  to  the  injection  of 
51 

Cr  labeled  cells  was  deducted  from  that  after  their  injection.  This  value  was  the 

51 

true  radioactive  count  from  the  Cr. 

13 

Plasma  iron  concentrations  were  obtained  using  the  method  of  Caraway, 

59 

Since  the  activity  of  the  injected  Fe  decreased  exponentially,  the  Tjy2  was  deter¬ 
mined  from  the  calculated  slope.  The  plasma  iron  turnover  per  day  was  calculated 

1 Q 

utilizing  the  method  described  by  Huff  et  al. 

Hematocrits  were  measured  by  the  standard  microhematocrit  method.  A  Coulter 

counter  was  used  for  total  leukocyte  counts.  Neutrophil  and  lymphocyte  concentrations 

were  obtained  by  multiplying  the  fraction  of  each  cell  type  determined  from  differential 

smears  by  the  total  white  cell  count  per  mm8  of  blood.  Platelets  were  counted  by  the 

12 

phase -contrast  method  of  Brecher  and  Cronkite. 

To  determine  the  significance  of  the  effects  with  repeated  radiation  exposures, 
a  "t"  test  of  the  difference  between  two  means  for  correlated  observation  was  utilized.28 

m.  RESULTS 

59 

Immediately  after  x  irradiation,  dogs  show  a  30  percent  decrease  in  Fe  incor¬ 
poration  when  compared  with  their  own  preirradiation  control  values  (Figure  1A). 

This  decrease  persists  for  the  next  3  days .  Increases  are  noted  for  the  4th  and  5th 
postirradiation  days  with  a  maximum  return  in  radioiron  uptake  to  90  percent  of  con¬ 
trol  values.  A  secondary  decrease  occurs  thereafter  with  a  low  value  of  50  percent 
on  the  6th  day.  A  second  attempt  toward  recovery  is  noted  between  the  7th  and  11th 
days  after  exposure,  reaching  a  maximum  of  96  percent.  A  third  and  final  decrease  * 
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begins  on  the  12th  day  with  a  nadir  of  62  percent  on  the  18th  day.  Final  recovery 

commences  from  then  on,  with  an  apparent  return  to  normal  values  by  day  30. 

Animals  subjected  to  mixed  gamma -neutron  irradiation  show  an  immediate  post- 
59 

irradiation  decrease  in  Fe  uptake  to  85  percent  of  normal.  Further  decreases  to 
below  60  percent  are  noted  on  the  following  2  days.  An  abortive  rise  begins  on  the  3rd 
day  with  a  maximum  of  90  percent  of  control  values  on  the  5th  day.  A  secondary  de¬ 
crease  follows  with  low  points  of  73  percent  from  control  values  on  the  7th  and  8th  days 
after  exposure.  A  second  recovery  attempt  is  observed  tor  the  next  3  days  with  a  re¬ 
turn  to  normal  values  on  days  10  and  11.  The  last  descent  in  iron  uptake  values  is 
noted  thereafter,  with  a  final  low  point  at  day  18.  However,  the  low  values  never  de¬ 
crease  below  82  percent.  From  then  on  a  gradual  return  to  normalcy  is  indicated. 

Comparing  the  effect  of  the  two  radiation  qualities,  it  is  seen  that  the  initial 
depression  is  significantly  more  severe  for  the  mixed  gamma-neutron  radiation  after 

the  first  day  postirradiation.  However,  the  first  abortive  recovery  is  similar  for 

59 

both  groups.  The  second  and  third  decreases  in  Fe  uptake  are  significantly  greater 
in  x  irradiated  dogs,  the  second  recovery  reaches  a  higher  zenith  in  those  exposed  to 
mixed  gamma-neutron  radiation.  Final  recovery  to  normal  values  is  obtained  by  both 
exposure  groups  on  the  30th  day. 

Erythropoietic  recovery  in  dogs  exposed  for  a  second  time  to  150  rads  of  x  rays 

or  mixed  gamma -neutron  radiation  after  a  3 -month  interval  shows  a  similarity  to  that 

observed  after  one  dose  of  radiation  (Figure  IB).  However,  recovery  responses  are 

59 

less  efficient.  There  are  again  signs  that  the  Fe  uptake  during  the  first  two  days  is 
depressed  further  in  gamma-neutron  exposed  dogs.  However,  the  first  abortive  rise 
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is  much  more  successful  in  this  group  of  animals  (90  percent  y-n  versus  67  percent 
x  rays).  The  second  and  third  erythropoietic  minima  are  significantly  lower  for  the 
x  irradiated  group.  Beyond  the  5th  postirradiation  day  the  lowest  iron  uptake  value 
for  x  irradiated  dogs  is  43  percent  (day  6) ,  whereas  that  of  the  reactor  exposed  group 
is  62  percent  (day  7).  Erythropoiesis  is  significantly  lower  from  the  11th  to  the  27th 
day  in  x  irradiated  dogs.  Recovery  on  the  30th  postirradiation  day  appears  to  be 
similar  for  both  exposure  groups,  however,  neither  has  returned  to  normalcy. 

In  general,  when  comparing  the  effects  of  the  two  radiation  sources  upon  eryth¬ 
ropoiesis  in  dogs  exposed  for  the  second  time,  it  is  noted  that  those  of  x  rays  were 
significantly  greater.  This  seems  to  be  supported  by  the  data  from  Table  I  which 
shows  a  sixfold  greater  mortality  in  this  exposure  group. 

After  the  third  radiation  exposure,  the  erythropoietic  recovery  responses  appear 

to  be  more  in.  Ooilar  (Figure  1C).  However,  the  initial  depression  and  the  abortive 

rise  are  still  similar  „j  those  observed  after  earlier  exposures.  Again,  the  first 
59 

Fe  depression  is  greater  for  y-n  irradiated  animals  and  in  turn  they  appear  to  re¬ 
cover  better.  On  a  comparison  basis  there  is  no  question  that  x  rays  depressed  iron 
uptake  significantly  further  and  retarded  recovery.  After  the  final  exposure  this  con¬ 
dition  might  have  been  more  aggravated  since  results  from  x  irradiated  dogs  represent 
data  from  presumably  healthier  survivors.  As  may  be  noted  from  Table  I,  41  out  of 
114  x  irradiated  animals  were  dead  after  the  third  exposure,  whereas  only  9  reactor 

exposed  dogs  became  fatalities  from  an  equally  sized  group. 

59 

As  may  be  seen  in  Figure  2A,  Fe  uptakes  are  significantly  further  depressed 
and  recovery  is  retarded  after  each  repeated  exposure  to  x  rays.  On  the  other  hand, 
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Figure  1.  Pcstirradiation  radioiron  incorpora¬ 
tion  in  dogs  exposed  to  150  rads  x  rays  or 
mix.d  gamma-neutron  radiation. 

(A)  one  exposure 

(B)  tv/o  exposures  (3-month  interval) 

(C)  three  exposures  (two  3-month  intervals) 
Each  point  represents  the  mean  value  of  the 
group. 


Table  I.  Survival  in  Dogs  Exposed  Repeatedly  to 
X  Rays  or  Gamma-Neutron  Radiation 


Number  of  repeated  exposures 

X  ray* 

Gamma-neutron  radiation* 

1 

3/114 

2/114 

2 

17/114 

3/114 

3 

41/114 

9/114 

*  Nun  bar  of  deatfas/number  per  group  before  ftrat  expoaura 


similarities  of  oscillations  in  terms  of  depression  in  erythropoiesis  and  abortive  or 

unsuccessful  recovery  attempts  are  noted.  Figure  2B  shows  data  from  dogs  subjected 

to  mixed  gamma -neutron  radiation.  Here  again  significant  residual  injury  is  noted 

59 

after  each  repeated  exposure.  Similarities  in  trends  of  decreases  in  Fe  uptake  and 
subsequent  recovery  attempts  are  indicated. 
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A  decrease  in  the  number  of  platelets  per  mm  of  blood  is  noted  after  exposure 
to  either  x  rays  or  mixed  gamma -neutron  radiation  (Figure  9).  A  low  point  is  reached 
approximately  10  days  later  which  persists  until  approximately  the  25th  postirradia¬ 
tion  day  for  dogs  exposed  to  either  quality  of  radiation.  Fluctuations  in  numbers  of 
platelets  are  seen  throughout  this  period  of  depression.  This  is  followed  by  recovery 
and  a  return  to  apparent  normalcy  between  the  45th  and  86th  day  after  exposure  in  dogs 
subjected  to  one  or  two  doses  of  radiation.  A  possible  retardation  in  recovery  is  in¬ 
dicated  after  the  third  exposure.  Equal  damage  was  inflicted  upon  platelets  of  the 
dogs  exposed  to  either  radiation  source. 


•AVI  Aim  w  MMhOM  IRtOMM 


Figure  \  Postirradiation  values  of 
lymphocytes  in  dogs. 

(A)  three  exposures  to  x  rays 

(B)  three  exposures  to  gamma-neutron 
radiation 

Each  point  represents  the  mean  value 
of  the  group. 


Figure  9.  Postirradiation  platelet  values 
in  dogs. 

(A)  three  exposures  to  x  rays 

(B)  three  exposures  to  gamma-neutron 
radiation 

Each  point  represents  the  mean  value  of 
the  group. 
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IV.  DISCUSSION 


The  present  study  clearly  demonstrates  oscillations  in  postirradiation  erythro¬ 
poietic  recovery  in  the  dog.  Since  this  is  similar  to  what  had  been  reported  for  rod- 
5,22,23 

ents,  it  appears  to  be  the  pattern  of  recovery  in  mammals.  Interpretations 

2  II 

for  this  response  mechanism  vary  greatly.  Earlier  investigators  ’  were  primarily 
intrigued  with  the  initial,  also  called  abortive,  response  observed  in  rodents,  and 
postulated  that  it  was  causeu  by  radiation  injured  stem  ceils  capable  of  heteromor- 
phogenic  but  not  homomorphogenic  division.  This  is  particularly  plausible  for  eryth¬ 
rocytes  since  differentiation  into  and  maintenance  of  the  final  functional  adult  cell 
accounts  for  only  a  small  fraction  of  the  total  information  contained  within  the  DNA  of 
any  progenitor  cell. 1  However,  if  the  first  rise  in  the  number  of  ceils  is  part  of  the 
total  oscillatory  recovery  pattern,  then  its  cause  must  be  much  more  complex  and 
most  likely  has  its  origin  in  *he  inherent  negative  feedback  Bystem. 

Recently,  it  has  been  suggested  that  the  bone  marrow  stem  cell  and  the  eryth- 

21  24 

rocytic  system  can  be  broken  down  into  two  feedback  loops.  The  first  loop  is 

concerned  with  regenerative  proliferation  of  the  stem  cells  and  is  under  the  control 

of  a  mitotic  inhibitor  or  chalooe,  which  is  produced  in  proportion  to  the  number  of 

stem  cells.  Increase  in  chalone  concentration  Initiated  by  increased  homomorphogenic 

stem  Mil  proliferation  in  response  to  radiation  injury  would  in  turn  inhibit  the  latter 

and  cause  periodicity  in  cellular  production.  Superimposed  upon  the  fluctuations  in 

available  stem  cell  numbers  are  the  actions  imposed  on  the  erythrocytic  system  by 

17 

erythropoietin  (loop  2),  particularly  in  its  control  of  the  release  of  stem  cells. 

The  interaction  of  these  two  systems  results  in  oscillations  in  the  number  of  available 
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stem  cells  and  functional  red  cells.  It  has  been  further  suggested  that  stressful  per¬ 
turbations  of  the  bone  marrow  as  caused  by  ionizing  radiation  may  initiate  a  puLve 

23 

stimulus  acting  on  a  basic  oscillatory  system. 

Values  obtained  for  circulatory  leukocytes  and  platelets  in  the  dog  appear  to 
indicate  oscillations  in  cellular  numbers  during  their  period  of  depression  after  radi¬ 
ation.  Since  blood  samples  were  obtained  at  approximately  the  same  time  eacL  Jay, 
diurnal  variations  cannot  be  implicated.  The  possibility  exists,  therefore,  that  in¬ 
teractions  of  the  red  cell  feedback  system,  and  those  responsible  for  the  formation 
of  the  other  blood  cells  with  the  stem  cells  are  responsible  for  the  periodicity  in 
blood  cell  numbers  during  the  postirradiation  period. 

However,  it  is  difficult  to  assess  if  competition  for  common  stem  cells  contri¬ 
butes  to  the  fluctuations  in  erythropoietic  recovery.  If  such  competition  exists  it 

18 

appears  to  favor  erythrocyte  over  leukocyte  production.  Nevertheless,  in  'he  ir¬ 
radiated  rat  it  was  observed  that  leukopoietic  recovery  commenced  at  the  time  the 

first  abortive  rise  for  erythropoiesis  terminated  and  secondary  cellular  decreases 
9 

ensued.  The  possibility  of  competition  for  common  stem  cells  was  considered.  No 
evidence  for  this  exists  in  the  dog.  Leukjpoiotic  recovery  begins  long  after  several 
oscillations  in  erythropoiesis. 

Periodicity  in  poetirradiation  cellular  levels  stresses  the  importance  of  fre¬ 
quent  hematological  testing  during  this  period.  Temporary  higher  readings  obtained 
by  infrequent  tests  might  bo  misleading  as  to  the  true  physiological  condition  of  die 
system. 
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Although  the  present  experiment  was  not  designed  to  determine  the  R BE  of  the 

mixed  gamma -neutron  radiation  employed,  it  permits  a  comparison  of  the  effects  of 

150  rads  from  either  source  upon  the  hematological  system  as  well  as  upon  survival 

with  repeated  exposures  at  3 -month  intervals.  It  appears  to  be  quite  clear  that  in 

all  instances  250  kVp  x  rays  caused  significantly  greater  damage  to  the  hematopoietic 

system.  This  is  particularly  pronounced  for  erythropoiesis  after  each  repeated  ex- 

3  8  10  15 

posure.  In  previous  reports,  ’  it  was  suggested  that  the  RBE  of  neutrons 

for  bone  marrow  effects  in  dogs  was  between  0.  8  and  1.0.  This  seems  to  support 

the  greater  effects  of  x  rays  on  the  hematopoietic  system  in  the  present  study. 

Depth-dose  studies  in  beagle  phantoms  exposed  to  either  one  of  the  radiation  sources 

employed  indicate  Class  A  exposures.  It  must  be  pointed  out,  however,  that 

gamma  radiation  comprised  60  percent  of  the  mixed  radiation  source  and  it  is  known 

from  studies  in  rodents  that  it  is  absorbed  to  a  lesser  extent  by  the  bone  marrow  as 

27 

compared  with  x  rays. 

Survival  data  after  repeated  exposures  are  much  more  impressive.  Dogs  sub¬ 
jected  twice  to  gai.  ma -neutron  irradiation  had  a  3  percent  mortality  as  against  15 
percent  for  the  x  irradiated;  whereas,  after  three  repeated  exposures,  8  percent  of 
the  exposed  dogs  succumbed  to  the  former  radiation  quality,  in  comparison  with  36 
pe<:ceni  to  the  latter.  Presumably,  death  in  these  dogs  was  caused  by  infection  and 
insufficient  protection  by  reduced  numbers  of  leukocytes.  However,  the  peripheral 
leukocytic  values  show  only  small,  albeit  significant,  further  caresses  with  repeated 
exposures.  This  might  imply  that  once  leukocytic  values  have  reached  a  specific  low 
threshold,  additional  relatively  smaller  decreases  might  well  result  in  lethality. 
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The  data  of  the  present  study  show  unequivocally  that  dogs  which  had  been  pre¬ 
viously  exposed  to  150  rads  from  either  radiation  source  have  a  decreased  capability 

g 

to  recover  from  a  repeated  dose  of  the  same  magnitude.  An  earlier  study  indicated 

residual  injury  on  the  5th  postirradiation  day  in  mongrel  dogs  exposed  repeatedly  to 

150  rads  of  either  x  or  neutron  radiation.  Since  only  one  postirradiation  day  was 

studied,  the  results  could  have  been  obtained  fortuitously  due  to  the  oscillatory  nature 

of  hematological  recovery.  However,  the  results  of  the  present  experiment  .vitfa 

data  from  19  days  during  a  30 -day  study  leave  no  doubt  that  previously  irradiated 

dogs  accumulated  residual  injury.  Since  residual  injury  in  the  postirradiation  hemato- 

4  6  7 

poietic  system  has  been  described  for  rodents  ’  ’  one  might  conjecture  that  this 

might  well  be  common  to  mammals  in  general. 

Residual  injury  in  the  context  of  the  present  report  implies  reduced  capability 

for  hematological  recovery  induced  by  a  repeated  sublethal  dose  of  radiation  of  equal 

size.  Presumably,  this  would  only  be  elicited  by  other  hematological  stresses  such 

as  bleeding  if  they  approach  in  magnitude  those  of  a  second  radiation  dose.  Previously 

irradiated  dogs  could  indeed  respond  well  to  hemorrhage  as  seen  in  the  experiment  by 
05 

Perman  et  al,  as  long  as  the  reduced  primitive  progenitor  pool  can  respond  to  the 
stress  and  produce  the  necessary  number  of  cells.  Apparently  the  stress  of  bleeding 
exceeded  this  capability  in  the  postirradiated  rats  described  in  the  report  of  Gong 
et  al. ,  since  these  authors  were  able  to  show  an  approximate  20  percent  residual 
injury  of  the  erythropoietic  system  60  weeks  after  a  sublethal  radiation  exposure. 

It  must  be  postulated,  therefore,  that  residual  injury  becomes  apparent  only  if  there 
is  greater  demand  for  erythropoiesis  on  the  somewhat  reduced  stem  cell  pool  vis-a-vis 
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its  capability  to  respond.  It  is  quite  clear  that  a  second  dose  of  radiation  affecting 


the  totai  hematological  system  would  be  able  to  demonstrate  better  the  existing  physi¬ 
cal  or  physiological  impairments  of  the  stem  cell  system. 


18 


REFERENCES 


1,  Aceto,  H. ,  Jr.,  Springsteen,  R. ,  Gee,  W. ,  Winchell,  H.  S.  and  Tobias,  C.  A. 

Erythropoietic  response  in  dogs  given  Bublethal  whole-body  proton  irradiation 
followed  by  hypoxic  hypoxia.  Radiation  Res.  39:101-111,  1969. 

2.  Alexanian,  R.,  Porteous,  D.  D.  and  Lajtha,  L.  G.  Stem  cell  kinetics  after 

irradiation.  Int.  J.  Radiation  Biol.  7:87-94,  1963. 

3  Alpen,  E.  L. ,  Shill,  O.  S.  and  Tochilin,  E.  The  effects  of  total-body  irradiation 
of  dogs  with  simulated  fission  neutrons.  Radiation  Res.  i2:237-250,  1960. 

4.  Baum,  S.  J.  Erythropoietic  recovery  and  residual  injury  in  rats  exposed 

repeatedly  to  X-rays .  Am  J.  Physiol.  200:155-158,  1961. 

5.  Baum,  S.  J.  Erythrocyte  stem  cell  kinetics  in  the  postirradiation  rat. 

Radiation  Res.  30:316-324,  1967. 

6.  Baum,  S.  J.  A  measure  of  nonreparable  injury  to  hematopoietic  stem  cells  in 

rats  exposed  repeatedly  to  X-rays,  Radiation  Res.  32:651-657,  1967. 

7.  Baum,  S.  J.  and  Alpen,  E.  L.  Residual  injury  induced  in  the  erythropoietic 

system  of  the  rat  by  periodic  exposures  to  X-radiation.  Radiation  Res. 
11:844-860,  1959. 

8.  Baum,  S.  J. ,  Davis,  A.  K.  and  Alpen,  E.  L.  Effect  of  repeated  roentgen  or 

neutron  irradiation  on  the  hematopoietic  system.  Radiation  Res.  15:97-108, 
1961. 

9.  Baum,  S.  J.,  Wyant,  D.  E.  and  Vagher,  J.  P.  Comparative  hematopoietic 

cytokinetics  in  X-ray  or  gamma-neutron  irradiated  rats.  Am.  J.  Physiol. 
216:582-588,  1969. 

10.  Bond,  V.  P.,  Carter,  R.  E.,  Robertson,  J.  S. ,  Seymour,  P.  H.  and 

Hechter,  H.  H.  The  effects  of  total-body  fast  neutron  irradiation  in  dogs. 
Radiation  Res.  4:139-153,  1956. 

11.  Bond,  V.  P. ,  Fliedner,  T.  M.  and  Archambei.  Mammalian  Radiation 

Lethality.  New  York,  N.  Y. ,  Academic  Press,  j. 

12.  Brecher,  G.  and  Cronkite,  E.  P.  Morphology  and  enumeration  of  human  blood 

platelets.  J.  Appl.  Physiol.  3:365-377,  1950. 

13.  Caraway,  W.  T,  Macro  and  micro  methods  for  the  determination  of  serum  iron 

and  iron-binding  capacity.  Clin.  Chem.  9:188-199,  1963. 


19 


14.  Dowling,  J.  H.  Experimental  determination  of  dose  for  the  monkey  in  a  reactor 

pulse  environment.  Bethesda,  Maryland,  Armed  Forces  Radiobiology 
Research  Institute  Scientific  Report  SR66-3,  1966. 

15.  George,  R.  E. ,  Stanley,  R.  E.,  Wise,  D.  and  Barron,  E.  L.  The  acute  mor¬ 

tality  response  of  beagles  to  mixed  gamma-neutron  radiations  and  250  kVp 
x  rays.  Bethesda,  Maryland,  Armed  Forces  Radiobiology  Research  Institute 
Scientific  Report  SR68-3,  1968. 

16.  Gong,  J.  K. ,  MacVittie,  T.  J.  and  Vertalino,  J.  E.  A  method  for  determining 

residual  injury  in  the  hematopoietic  system  of  the  x-irradiated  rat.  Radiation 
Res.  37:467-477,  1969. 

17.  Gurney,  C.  W. ,  Lajtha,  L.  G.  and  Oliver,  R.  A  method  for  investigation  of 

stem-cell  kinetics.  Brit.  J.  Haematol.  8:461-466,  1962. 

18.  Heilman,  S.  and  Grate,  H.  E.  Haematopoietic  stem  cells:  Evidence  for  com¬ 

peting  proliferative  demands .  Nature  216:65-66,  1967. 

19.  Huff,  R.  L.,  Hennessy,  T.  G. ,  Austin,  R.  E. ,  Garcia,  J.  F. ,  Roberts,  B.  M. 

and  Lawrence,  J.  H.  Plasma  and  red  cell  iron  turnover  in  normal  subjects 
and  in  patients  having  various  hematopoietic  disorders .  J.  Clin.  Invest. 
29:1041-1052,  1950. 

20.  International  Commission  on  Radiological  Units  and  Measurements  (ICR U)  Report 

lOe,  1962.  Radiobiological  dosimetry.  National  Bureau  of  Standards  Hand¬ 
book  No.  88.  Washington,  D.  C. ,  U.  S.  Government  Printing  Office,  1963. 

21.  Kirk,  J. ,  Orr,  J.  S.  and  Hope,  C.  S.  A  mathematical  analysis  of  red  blood 

cell  and  bone  marrow  stem  cell  control  mechanisms.  Brit.  J.  Haematol. 
15:35-46,  1968. 

59 

22.  Lamerton,  L.  F.,  Belcher,  E.  H.  and  Harriss,  E.  B.  Blood  uptake  of  Fe 

in  studies  of  red  cell  production,  pp.  301-311.  In:  The  Kinetics  of  Cellular 
Proliferation,  Stohlman,  F. ,  Jr.,  editor.  New  York,  N.  Y. ,  Grune  & 
Stratton,  1959. 

23.  Morley,  A.  and  Stohlman,  F. ,  Jr.  Periodicity  during  recovery  of  erythropoi- 

esis  following  irradiation.  Blood  34:96-99,  1969. 

24.  Orr,  J.  S.,  Kirk,  J.,  Gray,  K.  G.  and  Anderson,  J.  R.  A  study  of  the  inter¬ 

dependence  of  red  cell  and  bone  marrow  stem  cell  populations.  Brit.  J. 
Haematol.  15:23-34,  1968. 


20 


25.  Perman,  V.,  Sorensen,  D.  K. ,  Usenik,  E.  A.,  Bond,  V.  P.  and  Cronkite,  E.  P. 

Hemopoietic  regeneration  in  control  and  recovered  heavily  irradiated  dogs 
following  severe  hemorrhage.  Blood  19:738-742,  1962. 

26.  Sterling,  K.  and  Gray,  S.  J.  Determination  of  the  circulating  red  cell  volume 

in  man  by  radioactive  chromium.  J,  Clin.  Invest.  29:1614-1619,  1950. 

27.  Storer,  J.  B.,  Harris,  P.  S. ,  Furchner,  J.  E.  and  Langham,  W.  H.  The  rela¬ 

tive  biological  effectiveness  of  various  ionizing  radiations  in  mammalian 
systems.  Radiation  Res.  6:188-288,  1957. 

28.  Winer,  B.  J.  Statistical  Principles  in  Experimental  Design.  New  York,  N.  Y., 

McGraw-Hill  Book  Company,  Inc.,  1962. 


* 


2 


UNCLASSIFIED 

Security  Classification 


DOCUMENT  CONTROL  DATA  •  R&D 

(Security  classification  ol  titla.  body  of  abstract  and  indexing  annotation  must  ba  entered  whan  the  overall  report  ta  c  Ian  a  if  ted) 


1  ORU»INATIN  G  ACTIVITY  (Corporata  author) 

Armed  Forces  Radiobiology  Research  Institute 
Defense  Atomic  Support  Agency  Ib  s„OUP 

Bethesda,  Maryland  20014  N/A 


s  report  title 

HEMATOPOIETIC  RECOVERY  IN  IRRADIATED  DOGS 


2a  REPORT  SECURITY  CLASSIFICATION 

UNCLASSIFIED 


4-  OE9CR1PTIVE  NOTES  (Type  ol  roporf  and  inclusive  dates) 


%  AUTHONfS;  (Last  name,  tint  name,  initial) 

Baum,  S.  J.  and  Wyant,  D.  E. 


•  REPORT  DATE 

February  1970 


•  ft.  CONTRACT  QR  ORANT  NO. 


fc  PROJECT  NO. 


7ft  TOTAL  NO  OF  PACTS  I  7  b  NO  OF  REFS 

31  28 


•  ft  ORIGINATOR'S  REPORT  NUMB  ERfSj 

AFRRI  SR70-2 


MC  3  90303 


9  6  OTHER  REPORT  NO (S)  (A  ny  other  numbers  that  may  be  assigned 
this  report) 


to.  AVAIL  AaiLI TV/LIMITATION  NOTICES 

Distribution  of  this  document  is  unlimited 

It  SUPPLEMENTARY  NOTES 

12  SPONSORING  MILITARY  ACTIVITY 

Defense  Atomic  Support  Agency 

Washington,  D.  C.  20305 

IS.  ATTRACT 


Hematological  recovery  in  doga  expoaed  once  or  repeatedly  to  either  150  rads  of  x  rays  or  150  rads 
of  mixed  gamma -neutron  radiation  was  measured.  Comparisons  were  made  among  animals  exposed  to 
each  radiation  quality  and  to  different  numbers  of  repeated  exposures. 

Prior  to  the  first  radiation  exposure,  on  the  day  of  irradiation,  as  well  as  on  days  1  to  12.  15.  18. 
21,  24,  27  and  30  postirradiation,  hemat,  logical  values  were  obtained  from  all  dogs.  These  included 
®®Fe  incorporation,  erythrocyte  and  plasma  volume  determinations,  plasma  iron  concentration  and 
clearance,  hematocrits,  total  as  well  as  differential  peripheral  leukocyte  and  platelet  counts. 

Immediately  after  irradiation,  all  dogs  showed  an  initial  decrease  In  erythropoietic  values  followed 
by  an  oscillatory  recovery  response  during  the  subsequent  30  days  postirradiation.  Near  complete 
recovery  on  days  5  and  11  was  followed  by  cellular  decreases  reaching  low  values  about  days  6  and  in. 
Postirradiation  periodicity  was  also  noted  for  leukocytes  and  platelets  albeit  to  a  lesser  degree. 

In  general,  for  a  given  dose,  the  effects  of  x  lays  were  significantly  greater  than  those  of  the  mixed 
gamma-neutron  radiation.  This  was  particularly  pronounced  in  the  number  of  lethalities  with  repeated 
radiation  exposures. 

Previously  irradiated  dogs  did  not  respond  as  well  to  a  subsequent  exposure  of  equal  magnitude  after 
a  3-month  rest  period.  This  clearly  implicated  residual  Injury  in  stem  cells  from  the  prior  radiation 
expe.iire. 

Sir ce  the  oscillatory  recovery  responses  in  the  dogs  were  similar  to  those  observed  previously  In 
rodents,  they  may  be  basic  response  patterns  in  mammals.  Presumably  these  hematological  response 
mechamsmH  have  their  origin  In  the  inherent  negative  feedback  systems  of  hematopoiesis. 


pomm 

t  JAN  44 


1473 


Security  Classification 


UNCLASSIFIED 


Security  Classification 


1.  ORIGINATING  ACTIVITY:  Enter  lb*  um  aad  mMtmi 
of  tlw  contractor,  subcontractor,  grants*,  Department  of  De¬ 
fans*  activity  or  otbar  organisation  (carport*  author)  issuing 
tbs  rapon. 

2a-  REPORT  8RCU5ETY  CLASSIFICATION:  Enter  tbs  over- 
all  scisrit;  classification  of  tbo  report.  Indie ata  nfaathar 
"Restricted  Data"  is  iadeMA  Harking  is  to  b*  in  accord¬ 
ance  with  appropriate  seewity  regulations. 

3b.  GROUP:  Automatic  dowagredlag  la  apocifiai  in  DoD  Di¬ 
rective  5300. 10  and  Armed  Fore**  Industrial  Manual.  Enter 
the  group  nbtr.  Alan,  whnu  agpUcabla,  show  that  optional 
marking*  baa*  boas  a* ad  far  Ornap  3  and  Oroup  4  as  author¬ 
ised. 

3.  REPORT  TITLE:  Eatar  tbs  capiat*  report  tills  in  ail 
capital  letters.  Title*  in  aU  cases  should  bu  anclasslfled. 

If  a  anraningfsl  Iki*  caanat  bu  sal  acted  without  claaslflr 
tion.  abow  titla  classifUatioa  in  all  capitals  in  parent  he.,* 
leaned! etalr  foUoariag  the  title. 

4.  DEbCJOPTTVE  NOTES  U  eppropriete,  eater  ihe  type  of 
report.  *.».  interim,  progress,  summary.  eo-arel,  rt  final. 

Qira  the  ted  naive  damn  when  a  specific  reporting  period  is 
covered. 

5.  AUTHORfth  Euler  the  aaaw(a)  of  autboifs)  as  shown  „n 
or  in  tbo  report.  Eatar  last  name,  first  aarna,  middU  initial. 

If  military.  abote  rank  aad  branch  of  service.  Tb#  nan*  of 
tha  principal  rather  la  an  absolute  minimum  NRlitaant. 

«.  REPORT  DATE:  Eatar  tha  dads  of  tbo  report  as  day, 
Month,  your,  or  worth,  yasn  II  wore  than  one  date  appears 
on  the  report,  use  data  of  publication. 

?*.  TOTAL  HUMOUR  OP  PAGE*  Tb#  total  page  count 
should  follow  tuwiart  pogtertios  procaduraa,  i.#..  artar  tha 
mate*  of  pogos  coatvoiag  Irtormstto*. 

7b  HUMBER  OP  REFERENCES:  Eatar  tha  total  ******  of 
rafts  ascot  chad  in  tha  r  sport. 

U  OORTRACT  0*  QRART  HUMBER:  If  spprsprist*.  enter 
tbo  applicabla  nenbor  of  th*  contract  or  great  under  which 
tb*  report  woo  written, 

lb.  fc,  Eld.  PROJECT  MUattKJfc  Enter  the  appropriate 
■llttary  dspwtmact  IdneUIUsiloa,  wte-b  rt  project  nowbor. 
subproject  rmabar.  ayataw  nuwbera,  teah  nurbar,  ate. 

9*.  OhitURATOR**  REPORT  NUMBERS  Enlar  the  offi¬ 
cial  rsmon  nuwbar  by  which  tb*  iteeuwaut  will  be  idartlflad 
and  cortraltad  by  the  originative  activity.  This  number  mat 
ba  unique  to  this  report. 

4b.  OTHER  REPORT  KUMBK3KS):  1!  the  report  baa  been 
assigned  any  tthar  raport  euedrara  ( autarky  >h*  o.-l#t«*tor 
or  by  th*  ap anaarj,  ala*  voter  tbit  numberf*)- 


10.  AVAELABILrTY/LlMITATIOR  NOTICES:  Enter  any  Um- 
itstioos  on  furthar  disttwination  ef  tha  report  otbar  than  thosa 
imposed  by  security  classification,  using  standard  statement* 
such  at 

(I)  "Qualified  requesters  may  obtain  capiat  of  this 
report  Croat  DDC" 

(3)  "Foreign  atumancamaat  and  disaawknation  of  this 
report  by  DDC  ia  net  authorised.  '* 

(3)  "U.  E  Government  agencies  may  obtain  copies  of 

this  remart  dbeetly  hum  DDC.  Other  qualified  DDC 


tbit  report  directly  from  DDC. 
user*  shall  raqaest  threugb 


(4)  "U.  E  military  agauciua  may  obtain  capias  at  this 
report  directly  Craw  DDC  Otbar  qualified  soar* 


(S)  “AU  distribution  of  this  report  ie  contvoilei  Oral- 
If  led  ?DC  net  ebaU  requeet  through 

M 

If  tbo  report  has  boon  ftauished  to  tbo  Offlco  of  Technical 
Service*.  D«p  art  went  ef  Cewmerc*.  ter  enl*  to  tb*  ptWllc,  indi- 
erte  ibis  fact  aad  enter  tb*  price,  if  known. 

1L  SUPPLEMENTARY  ROTES:  Ue#  for  additional  eaptane- 
tory  mite 

13.  »ORSMMMQ  MILITARY  ACTIVITY:  Ertsr  the  asm*  of 
the  dtpattwenlal  project  office  or  laboratory  «pe»eon»g  fpey 
ii*  tor)  tb n  reeearch  and  davaiopmaol  Include 


U.  ABSTRACT:  Enter  an  abstract  giving  a  brief  and  factual  __ 
summary  of  tb*  doeuetani  indicative  of  th*  rap**  -  •**" K 
It  AAV  lift  MM  AT  In  th#  body  of  tho  tochoic.1  ^ 

port* 1 1f  wtdHlonol  .pact  t*  ruguiiud.  a  continuation  ah**' 
shall  b*  stitched. 

It  it  highly  dssirtbls  that  lbs  abstract  of  classified  re¬ 
ports  be  unclassified.  Each  paragraph  of  tb*  *baif»« 

Hd  with  an  indication  of  tb*  military  security  el laaatficauon 
of  tb*  information  In  tb*  paragraph,  represented  a*  (T5>.  (5) 

(C),  or  ;v> 

Tbera  It  no  limitation  «n  th*  length  of  th*  abstract  How- 
ova*,  tb*  tuggvatrd  length  t*  from  ISO  to  335  word* 

14.  RET  WORD*:  Kay  word*  ere  technically  meaningful  term*  I 
or  short  phrases  that  ehsrscisrit*  •  report  and  may  **»  '*•»')  ** 
indas  antria*  far  cottlogina  th#  rapert.  K*y  *“rd*  *u*t  h* 
avlactad  a*  that  no  security  et*a*lfic*<*o»  ••  »**«•'*'’  * 
fiat*,  such  as  equipment  "*4*'  daaignatlon.  trad*  nsm*  _  ith 
l trv  project  cod*  name,  geographic  Watton.  mat  he  u  ad  * 
set  word*  hut  Will  br  (otlowed  bt  in  indication  of  irehni.  al 
r-jiuasf  Th*  aaaignmanl  of  links,  rules  snd  wn*ht» 
optional. 


